To compare the effectiveness of quadruple-drug therapy consisting of cotrimoxazole (trimethopin and sulfamethoxazole), clindamycin antibiotics, and oral corticosteroid versus triple therapy consisting of pyrimetamine, sulphadiazine, and oral corticosteroid in the resolution of toxoplasmic chorioretinitis. Methods: This was a double-blind randomized controlled trial with repeated measures using parallel design to compare the effectiveness of quadruple-drug therapy and triple-drug therapy in patients with toxoplasmic chorioretinitis. The measurement of lesion was done using automated computer software, calculating the average of lesion size from three fundus photographs taken from the baseline and at each follow-up visit. The analytical statistics were obtained using Mann-Whitney test, comparing percentage of lesion remission test in each examination. Results: The percentage of lesion remission in quadruple-drug therapy was higher than in triple-drug therapy from the first visit until the first follow-up visit, with a p-value of 0.001. In addition, the mean percentage of lesion remission from first visit to last visit was 57.5% and the median was 70.9% in the quadruple therapy group, while in the triple-drug therapy group the mean was 52.5% and the median was 54.0% (p=0.720).
Introduction
Ocular toxoplasmosis is a form of chorioretinitis caused by Toxoplasma gondii that is a potential cause of posterior uveitis that could lead to blindness. It is a progressive, recurring, and necrotizing condition, is associated with inflammation of the vascular structures of the retina and vitreous, and has a predilection to occur in the posterior pole in more than 50% of cases. 1 Symptoms of ocular toxoplasmosis usually include a unilateral decrease in vision with floaters, accompanied by signs of anterior uveitis, and around 20% of patients have increased intraocular pressure. In the posterior segment, the condition classically appears as focal, grayish-white retinitis with overlying moderate vitreous inflammation, often adjacent to a pigmented chorioretinal scar. Although in most instances the diagnosis of toxoplasma chorioretinitis is predominantly clinical, the presence of anti-T. gondii IgG antibodies supports the diagnosis to a certain extent, whereas a negative antibody titer essentially rules out the diagnosis.
Visual loss caused by ocular toxoplasmosis arises from complications due to structural changes per se and the effects of associated intraocular inflammation. 2 As the focal lesion of necrosis of the retina and choroid heals, a permanent punched-out retinochoroidal scar will develop; due to the high prevalence of the lesion occurring at the posterior pole, sight can be threatened. The inflammation process itself may create inadvertent complications that can lead to permanent conditions if left unattended in a timely manner. 3 Therefore, faster therapy becomes effective, and the sooner it commences, the less the severity of damage, and hence visual impairment.
In immunocompetent patients, ocular toxoplasmosis has a self-limiting course of 6-8 weeks without treatment, but the disease course is more severe and progressive in immunocompromised cases. Currently, antibiotics combined with oral corticosteroid is the mainstay of chorioretinitis toxoplasma treatment. 4, 5 This current treatment does not effect a cure nor does it prevent recurrence; thus, there is no consensus regarding the most efficacious regimen. However, their role in therapy lies in minimizing the damaging effects of inflammation and limiting lesion size, particularly when sight is threatened.
The triple-drug therapy consisting two antibiotics (pyrimethamine and sulphadiazine) and one oral corticosteroid is standard treatment of toxoplasma chorioretinitis. However, taking into consideration the need for increasing efficacy in a more immediate manner to shorten parasitic replication, create rapid cicatrizing of the lesion, and limiting chorioretinal scars and progression, a quadruple-drug therapy has been considered that combines an additional antibiotic to the older regimen. 6 Moreover, apart from the side effects of oral corticosteroids, the duration of treatment also become a consideration. 7 Thus, the quadruple-drug therapy is also envisaged to minimize the corticosteroid side effects. 8 Studies showed that there are no differences between the treatment outcome between the triple-and the quadruple-drug therapy. 9 However, to our knowledge, there is no study that assessed the difference in efficacy of the quadruple therapy in shortening the duration of treatment compared with tripledrug therapy, in achieving the same treatment result to give rapid recovery and thus minimize the side effects.
To resolve this issue, we compared the efficacy and the treatment duration of triple-drug therapy and quadruple-drug therapy on chorioretinitis toxoplasma.
Method
This study was a randomized, single-blinded controlled trial study of patients with toxoplasma chorioretinitis who came to the Cicendo Eye Hospital, Bandung, Indonesia. The inclusion criteria are as follows: patients with a new case of chorioretinitis or those with recurrent disease with new lesions in a new location. The exclusion criteria were as follows: presence of vitreous opacities that interfere with the examination of retinal lesions, undergoing treatment or receiving antitoxoplasma therapy, and a history of allergy to the antibiotics used. The diagnosis of chorioretinitis was made by assessing the morphology of the retinal lesions by a vitreoretinal specialist supported by positive IgG toxoplasma titer data.
The ethical approval was obtained from Medical Research Ethics Commission of the Faculty of Medicine, Universitas Padjadjaran. After obtaining written informed consent, the samples were selected consecutively and divided into two groups, quadruple-drug therapy (Group I) and triple-drug therapy (Group II), using random block permutation methods.
Group I received a combination of two tablets of cotrimoxazole 480 mg twice a day and oral clindamycin 300 mg four times daily for 3 weeks. Group II received a combination of pyrimethamine tablet 25 mg, sulfadiazine tablet 1,000 mg, and oral methylprednisolone 1 mg/kg/d. Pyrimethamine is given three times daily at the start of therapy, and then tapered to once daily. Sulfadiazine is administered twice daily at the beginning, and then once daily, while corticosteroids are given 1 mg/kg/d and tapered off each week. The combination of drugs is given for 3 weeks, with an addition of oral folic acid 5 mg that is given three times per week interval alternate days. 6 The result was obtained by comparing the reduction in the retinal lesion size between pretreatment and the third week of treatment. This assessment result was made by calculating the retinal lesion using AutoCAD 2012, version 18.2 (Autodesk Inc., San Rafael, CA, USA) computer software by a blinded trained technician. The data were then analyzed using the Mann-Whitney test. The result was considered significant with p,0.05.
The sample size was calculated using formula as described elsewhere: 10 
lesion measurement with software
The retinal lesion was measured and calculated by using AutoCAD software as follows: 1) the image was copied from the fundus camera into the AutoCAD software; 2) a close curve was made on the infection area using the command POLYLINE or PLINE ( Figure 1) ; 3) the area was measured with the command AREA ( Figure 2) ; and 4) the area was shaded with the command HATCH (Figure 3 ).
Result
A total of 28 eyes of 28 patients were included in the study, and the characteristics are shown in Table 1 shows that the mean age of patients in Group II was 32.1 years with a standard deviation of 14.1, while in Group I it was 27.7 years with a standard deviation of 12.5. Upon Mann-Whitney analysis with 90% confidence degree, no significant difference in age between the patients between the groups was observed (p=0.511). The mean lesion size of the two groups is shown in Table 1 , and no significant difference in mean lesion size between the two groups was determined (p=0.531).
Comparison of percentage reduction of lesion area between the quadruple-drug therapy group and triple-drug therapy group can be seen in Table 2 .
The data from baseline study to week 3 showed that the quadruple-drug therapy group was 57.5% with a median of 70.9% while in the triple-drug therapy group was 52.5% with a median of 54.0%. The result of statistical test using Mann-Whitney with 90% degree of confidence showed that there was no significant difference in the percentage of 
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Kartasasmita et al reduction of lesion area in both groups with p-value =0.720. This demonstrates that from the beginning up until the third week of therapy, Group II showed the same effectiveness as Group I in treatment response to toxoplasma chorioretintis. Table 2 shows the mean percentage of the size of the lesion at baseline for the first week up until week 3 in the quadrupledrug therapy group was 71.7%, with median of 87.9%, while in the triple-drug therapy group, the rate was 19.8% with a median of 23.5%. Based on statistical assessment using Mann-Whitney test with 90% confidence degree, there was significant difference in the percentage of decrease of lesion area in both groups with p=0.001.
Discussion
The combination of pyrimethamine and sulfadiazine has the strongest and fastest antiparasitic effect, and it is also absorbed rapidly by the body and inhibits the enzyme dihydrofolic acid reductase, which converts dihydrofolic acid to tetrahydrofolic acid which serves to synthesize parasitic DNA. 12 Conversely, the clindamycin antibiotics have the weakest antiparasitic effect and only work effectively as an antiparasitic when combined with other types of antibiotics such as cotrimoxazole. Oral clindamycin is completely absorbed and reaches the peak level of 2-3 mcg/mL within 1 hour after the initial dose. Its half-life is quite short, around 2.7 hours. A study reported that the sulfa, pyrimethamine, and clindamycin are very effective for the treatment of chorioretinitis, especially for cases with recurrent disease. 8 From the first admission until the 3rd-week follow-up, there was no significant difference in the lesion size ratio change between the two groups. This is possibly because the pharmacodynamics of both drugs have the maximum of action after one-week. Also, the slow-acting mechanism of drug action will result in a slower reduction in lesions. This especially occurred in Group I. Pyrimethamine works slowly in the blood. The onset of action is achieved on about 2-4 hours with a half-life of 90 hours, while sulfadiazine has a longer half-life of about 10-17 hours. 12 This study showed no significant difference in the extent of lesions at the time of final control with classic or single cotrimoxazole antibiotic treatment in patients with toxoplasma chorioretinitis. 13 Other studies showed there was no significant difference in the ratio of the mean lesion at the time of admission and the last control in patients with chorioretinitis treated with two different classes of antitoxoplasma therapy. 14 In this study, the therapeutic effect of quadruple-drug therapy reached the maximum effect at the time of the first week of follow-up. Therefore, the reduction of the lesion on first week follow-up in this group is higher than the triple-drug-therapy group. Nevertheless, at the final follow-up, there were no significant percentage changes in the lesions in both groups, which confirmed the results of a previous study comparing outcomes between two the different therapies.
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A limitation of this study is that there was no complete data about systemic diseases that might accompany the disease under study and that there was no complete serial data on patient's IgG and IgM to correlate the clinical changes with the titer of IgG and IgM. The patient's immunology status is also considered as a confounding factor and is one of the limitations of this study.
Conclusion
We found that the quadruple-drug therapy has a faster therapeutic effect, thereby providing a reduction in treatment duration where long-term treatment may potentially cause treatment side effects. This rapid reduction of lesions also has the advantage of rapid recovery on visual acuity, resulting in an overall faster recovery process.
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